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(57) ABSTRACT

Systems and methods for channel scanning for multirole
device are disclosed. One implementation relates to a method
for servicing functions by a multirole device. The method
comprises dividing a channel scan over a plurality of channels
into a plurality of channel scan time periods, and repeatedly
time division multiplexing a time period for the servicing of
one of a station (STA) function and an access point (AP)
function, a time period for the servicing of the other of the
STA function and the AP function, and a channel scan time
period for each of the plurality of channel scan time periods.
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152 DIVIDING A CHANNEL SCAN OVER A PLURALITY OF CHANNELS
INTO A PLURALITY OF CHANNEL SCAN TIME PERIODS

REPEATEDLY TIME DIVISION MULTIPLEXING TIME PERIODS
FOR SERVICING FOR A STA FUNCTION, AN AP FUNCTION

194 AND A CHANNEL SCAN TIME PERIOD FOR EACH OF THE
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MULTIROLE DEVICE MUXING CHANNEL
SCAN WITH CHANNEL SCAN TIME SLICES

TECHNICAL FIELD

The present invention relates generally to electronics, and
specifically to systems and methods for channel scanning for
multirole device.

BACKGROUND

IEEE 802.11 based wireless and mobile networks also
called Wireless Fidelity (W1F1) have experience rapid growth.
WiF1 1s a mechamism that allows an electronic device to
exchange data wirelessly over a computer network. A device
enabled with Wi-Fi, such as a personal computer, video game
console, smartphone, tablet, or digital audio player, can con-
nect to a network resource such as the Internet via a wireless
network access point. An access point (or hotspot) has arange
of about 20 meters (65 1t) indoors and a greater range out-
doors. Hotspot coverage can comprise an area as small as a
single room with walls that block radio signals or a large area,
as much as many square miles, covered by multiple overlap-
ping access points. A wireless access point (WAP) connects a
group ol wireless devices to an adjacent wired LAN. An
access point resembles a network hub, relaying data between
connected wireless devices 1n addition to a (usually) single
connected wired device, most often an ethernet hub or switch,
allowing wireless devices to communicate with other wired
devices.

The various IEEE 802.11 standards provide for 14 possible
channels distributed over a range from 2.402 GHz to 2.483
GHz with each channel being 22 MHz wide. The various
IEEE 802.11 standards call for periodic channel scan cycles
over at least a majority of the 14 channels to allow for com-
munication handoils between access points. Scanning can be
divided into active and passive scanning. During an active
scan, a station (STA) broadcasts a packet requesting that all
access points (APs) 1n those specific channels impart their
presence and capability with a probe response. In a passive
scan, the STA listens passively for the AP beacons containing
all necessary information, such as beacon interval, capability
information, supported rate and other parameters associated
with the AP.

A multirole device allows a user to operate the device 1n a
multirole mode, where the device can act as both a station and
an access point. The emerging desire for increased connec-
tivity usage employing single multirole devices requires sup-
port of wireless local area network (WLAN) concurrent mul-
tirole operation on two bands/channels by a single Baseband
processor. Therefore, the multirole device will switch
between providing resource allocation 1n a station mode and
an access point mode. However, when acting in the station
mode, the multirole device 1s required to do a channel scan to
search for other access points to allow roaming. The channel
scan over at least the majority of available channels can
consume a great deal of time, which can result 1n a lost
connection between the multirole device and a connected
device being serviced by the multirole device when the mul-
tirole device acts as an access point in the access point mode.

SUMMARY

In accordance with an aspect of the present invention, a
multirole device 1s provided that can concurrently function as
an access point (AP) and a station (STA) 1n a wireless net-
work. The device comprises a baseband controller that time
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2

division multiplexes between servicing a STA function, an
AP function and a channel scan. The baseband controller
divides the channel scan into channel scan time slices that
divide a channel scan over a plurality of channels 1nto a
plurality of channel scan time periods that are each time
division multiplexed with time periods for the servicing of the
STA function and the AP function. The devise also includes a
transceiver for transmitting data received from the baseband
controller to other devices of the wireless network, and for
receiving and providing data to the baseband controller from
other devices of the wireless network.

In accordance with another aspect of the present invention,
a method 1s provided for servicing functions 1n a multirole
device. The method comprises dividing a channel scan over a
plurality of channels 1into a plurality of channel scan time
periods, and repeatedly time division multiplexing a time
period for the servicing of one of a STA function and an AP
function, a time period for the servicing of the other of the
STA function and the AP function, and a channel scan time
period for each of the plurality of channel scan time periods.

In accordance with yet another aspect of the present inven-
tion, a wireless network system 1s provided that comprises
one or more access points (APs) that provides communica-
tions of resources from a network to STA devices and one or
more STA devices that request resources from the network
APs. The wireless network device also comprises at least one
multirole device that can concurrently function as an AP and
a STA. The at least one device time division multiplexes
between servicing a STA function, an AP function and a
channel scan, wherein the baseband controller divides the
channel scan over a plurality of channels into a plurality of
channel scan time periods that are each time division multi-

plexed with time periods for the servicing of the STA function
and the AP function.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an example of a wireless network system
in accordance with an aspect of the present invention.

FIG. 2 1llustrates a block diagram of an example of a
multirole device 1n accordance with an aspect of the mnven-
tion.

FIG. 3 1s a scheduling time line that 1llustrates an active
scan with partial protection 1n accordance with an aspect of
the present invention.

FIG. 4 1s a scheduling time line that 1llustrates an active
scan with full protection in accordance with an aspect of the
present invention.

FIG. 5 1s a scheduling time line that illustrates a passive
scan with full protection 1n accordance with an aspect of the
present invention.

FIG. 6 illustrates an example of a method for servicing
functions by a multirole device 1 accordance with an aspect
of the present invention.

DETAILED DESCRIPTION

FIG. 1 illustrates an example of a wireless network system
10 1n accordance with an aspect of the present invention. The
wireless network system 10 can conform to one of the ver-
sions of the IEEE 802.11 standards for WiF1 networks. The
wireless network system 10 includes a WiFiaccess point (AP)
12 that transmits radio frequency (RF) communications
through an antenna 14 over a wireless communication link 16
to a multirole device 18 through an antenna 20. The WiF1 AP
12 and one or more other WiF1 access points (APs) can be
connected to the same or different wired networks (not
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shown). The multirole device 18 performs periodic channel
scans to determine which of a plurality APs to select to con-
nect to and to recerve resources from a given Wik1 network.
An AP can be selected based on one or more parameters (e.g.,
capacity, signal strength, user selected, etc.) associated with
the selected AP. The multirole device 18 functions as a station
(STA) device when recerving resources from the selected AP.

Additionally, the multirole device 18 can function as an AP
and provide resources to one or more station devices 24
through respective antennae 26 over respective wireless com-
munication links 22. The multirole device 18 can also con-
currently function as an STA and an AP. When functioning
concurrently as an STA and an AP, the multirole device 18
will time multiplex between servicing the STA function and
the AP function over different channels. For example the
multirole device 18 can function as a STA and receive media,
gaming or website information from the Internet from a home
AP terminal or public WikF1 hotspot, and can concurrently
function as an AP and stream the received media, gaming or
website data to one or more station devices, such as a televi-
s1on, laptop or other station devices. Additionally, the multi-
role device 18 can function as a STA and recerve instant
messaging and/or e-mail information from the Internet from
a home AP terminal or public WiF1 hotspot, and can concur-
rently function as an AP by streaming media, gaming or
website data stored at the multirole device 18 directly to one
or more station devices, such as a television, laptop or other
station devices.

It 1s to be appreciated that a STA conforming to IEEE
802.11 1s required to perform periodic channel scanning to
supporting roaming from one AP to another. Therefore, the
multirole device 18 1s required to perform a periodic channel
scan when functioning as a STA. During the channel scan, the
multirole device 18 1s dedicated to the STA function and the
AP function remains i1dle. The periodic channel scan can
require a substantial amount of time (e.g., up to 120 ms),
which may result 1n a lost connection for the AP function of
the multirole device 18 and the one or more wireless stations
24. In accordance with an aspect of the present invention, the
channel scan 1s divided into a plurality of channel scan time
slices, such that the channel scan time slices are time division
multiplexed with the STA function and the AP function to
mitigate lost connects associated with the AP function. As
will be further described below, the channel scan can be an
active scan or a passive scan. Furthermore, the channel scan
time slices can be partially or fully protected by transmitting
a clear to send (CTS) to self message by the AP function. This
will 1nstruct others connected to the network not to send
information to the channel being employed by the AP func-
tion of the multirole device 18 for a C'TS time period.

FIG. 2 illustrates a block diagram of an example of a
multirole device 50 1n accordance with an aspect of the inven-
tion. The multirole device 50 includes a display 52 that can be
a touch screen or non-touch screen display. The display 52
could be operative to display media, gaming or website infor-
mation, and could also be operative to recetve touch mputs
from a user, such as from a finger or a stylus. The multirole
device 52 also includes input/output (I/0) devices 54, such as
pushbuttons and LED indicators.

Both the display 52 and the I/O devices 54 are coupled to a
controller 56. The controller 36 includes a microcontroller/
microprocessor 38 (labeled as uP) and a memory 60. The user
can mput data into the multirole device 50 via the display 52
and/or the IO devices 34. The data can be processed by the
microcontroller/microprocessor 38 and/or stored in the
memory 60. In addition, data can be retrieved from the
memory 60 and displayed on the display 32. The multirole
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device 50 further includes an internal power supply 68. The
internal power supply 68 could be, for example, a recharge-
able battery, such as a lithium 1on battery. The internal power
supply 68 1s coupled to a power input 70, such that an external
power supply (e.g., a DC power adaptor) could be plugged
into the power input 70. The external power supply could thus
supply power to the multirole device 50 while 1t 1s plugged
into the power mput 70, allowing the multirole device 50 to
operate from the external power supply while the internal
power supply 68 recharges.

The multirole device 50 includes a WLAN AP/STA base-
band controller 62 that operates to manage both the AP and
STA functions of the multirole device 50. The WLAN
AP/STA baseband controller 62 1s coupled to a WLAN
AP/STA transceiver 64 that 1s configured to upconvert data
from the baseband controller 62 to be transmitted to other
wireless device over an antenna 66, and down convert data
received at the antenna 66 from other wireless devices and to
be provided to the baseband controller 62. The baseband
controller 62 1s coupled to the controller 54, such that trans-
mitted and recerved data can be processed by the microcon-
troller/microprocessor 38 and/or stored 1n the memory 60.

The baseband controller 62 manages the functionality
associated with transmitting, receiving and time multiplexing
data between a STA function of the multirole device 530 and an
AP of a wireless network on one channel (e.g., a first chan-
nel), and an AP function of the multirole device 50 and one or
more STA devices of the wireless network on a different
channel (e.g., a second channel). Additionally, the baseband
controller 62 handles the functionality of time division mul-
tiplexing of the channel scan time slices of the STA function
to mitigate lost connections associated with the AP function
of the wireless device 50. As previously stated the channel
scan can be an active scan or a passive scan, and can be
partially or fully protected by transmitting a CTS to self
message by the AP function, as will be illustrated and
described based on the time division multiplexing time lines,
illustrated in FIGS. 3-5.

The multirole device 50 can also include an additional
communication controller 72 coupled to an additional com-
munication transceiver 74. The additional communication
transceiver 74 1s coupled to an antenna 76 for transmitting and
receiving communications over other communication net-
works such as a cellular network (e.g., 3G network, 4G net-
work, etc.). Additional communication controllers and trans-
ceivers can be provided for other communication network,
such as, for example, IEEE 802.15 (i.e., Bluetooth).

FIG. 3 1s a scheduling time line 80 that 1llustrates an active
scan with partial protection 1n accordance with an aspect of
the present invention. An active scan 1s relatively short (e.g.,
60 ms) and utilizes probe requests by the STA function to
request messages to discover APs. The active scan 1s divided
into a plurality of channel scan time slices each covering a
single channel scan. It 1s to be appreciated that the number of
channels that need to be scanned would be at a maximum of
14, although a less number of channels may be scanned based
on the needs of the applications.

The scheduling time line 80 1llustrates repeatedly time
division multiplexing scheduling between STA function time
slices, AP function time slices and a single channel scan time
slice over a plurality of different time periods. The STA
function time slices and AP function time slices are scheduled
in such a way as to allow for AP beacon transmissions
together with STA delivery ftraffic indication message
(DTIM) reception. A DTIM 1s a traffic indication message
which informs the STAs about the presence of buifered mul-

ticast/broadcast data for a given STA atthe AP. After, a DTIM,
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the AP will send the multicasted broadcast data on the channel
tollowing normal channel access rules. A beacon 1s a periodic
frame sent by an AP to indicate to an STA the presence of an
AP, provide the STA with synchronization information (syn-
chronized clock), and provide capability information and
other parameters associated with the AP.

As 1llustrated 1n the scheduling time line 80, the multirole
device services the STA function during a first time period 82,
which 1s scheduled to allow for a DTIM from a given access
point. At the end of the first time period 82, the STA function
sends a power saving (PS) indication to the given access
point. The multirole device then switches over to servicing
the AP function during a second time period 84, which 1s
scheduled to allow for transmission of a DTIM from the AP
function. At the end of the second time period 82, the AP
function sends a CTS message to itself. This informs other
stations not to transmait data to the AP function for a CTS time
period defined by specification associated with the wireless
network. This protects the AP function of the multirole device
from missing transmissions for the CTS time period. The
multirole device then switches over to a channel scan of a first
channel (channel x) over a third time period 86 that includes
a first time 1nterval 88 and a second time interval 90.

During the channel scan, the STA function transmits probe
requests to all APs 1n that specific channel (channel x) to
indicate their existence and capability with a probe response
request. The time that the STA function waits to receive all the
probe response requests can be set and 1s typically about 30
ms, but could be greater than 32 milliseconds CT'S protection
time defined 1n the IEEE 802.11 specification. The CTS time
period 1s illustrated as the first time 1nterval 88 of the third
time period 86. During the second time interval 90 of the third
time period 86, the AP function 1s no longer protected from
missing transmission. However, the access point function can
receive subsequent retransmissions from the one more wire-
less station transmission devices connected to the AP func-
tion, and therefore, 1s not likely to miss any important com-
munications.

After the third time period, the multirole device then
switches over to servicing the AP function during a fourth
time period 92 to complete exchange of any packets not
exchanged during the second time period 84, and to allow for
transmission of a beacon from the AP function to one or more
STAs. The multirole device then switches over to servicing
the STA function during a fifth time period 94 to complete
exchange of any packets not exchanged during the first time
period 82 and to allow for receipt of a beacon from an AP by
the STA function. After the fifth time interval, the multirole
device then switches over to a channel scan of a second
channel (channel y scan). The process then repeats until all of
the desired channels are scanned for APs.

FI1G. 4 15 a scheduling time line 100 that illustrates an active
scan with full protection in accordance with an aspect of the
present imvention. In an active scan with full protection, a
channel scan for a given channel 1s divided 1nto a plurality of
time periods, were each time period 1s equal to or less than a
CTS time period. The active scan 1s divided into a plurality of
channel scan time slices that each include a plurality of scan
time periods for a single channel scan. Again, the scheduling
time line 100 illustrates repeatedly time division multiplexing,
between STA function time slices, AP function time slices
and channel scanning time slices over a plurality of different
time periods. The STA function time slices and AP function
time slices are scheduled 1n such a way as to allow for AP
beacon transmissions together with STA delivery traffic indi-
cation message (DTIM) reception.
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As 1llustrated in the scheduling time line 100, the multirole
device services the STA function over a first time period 102,
which 1s scheduled to allow for a DTIM from a given access
point. At the end of the first time period 102, the STA function
sends a power saving (PS) indication to the given access
point. The multirole device then switches over to servicing
the AP function during a second time period 104, which 1s
scheduled to allow for transmission of a DTIM from the AP
function. At the end of the second time period 104, the AP
function sends a CTS message to itself. This informs other
stations not to transmit data to the AP function for a CTS time
period defined by specification associated with the wireless
network. This protects the AP function of the multirole device
from missing transmissions for the CTS time period. The
multirole device then switches over to a partial channel scan
of a first channel (channelxscan) during a third time period
106 that 1s equal to or less than the CTS time period.

Once the third time period 106 has ended, the AP function
1s no longer protected from missing transmission. Therefore,
the multirole device switches over to the AP function during
a fourth time period 108 to complete exchange of any packets
not exchanged during the second time period 106. After the
fourth time period 108, the multirole device switches over to
another partial channel scan of the first channel (channelx
scan) over a {ifth time period 110 that 1s equal to or less than
the CTS time period. Once the fitth time period 110 has
ended, the multirole device switches over to the STA function
during a sixth time period 112 to complete exchange of any
packets not exchanged during the first time period 102.

After the sixth time period 112, the multirole device then
switches over to servicing the AP function during a seventh
time period 114 to allow scheduling for transmission of a
beacon from the AP function to one or more STAs. The
multirole device then switches over to servicing the STA
function during an eighth time period 116 to allow for receipt
of abeacon from AP’s by the STA function. Assuming that the
first channel has been fully scanned, the multirole device then
switches over to a channel scan of a second channel (channel
y scan). The process then repeats until all of the desired
channels are scanned for APs.

FIG. S1s ascheduling time line 120 that illustrates a passive
scan with full protection 1n accordance with an aspect of the
present invention. In a passive scan, a STA function 1s tar-
geted to recerve beacons from APs in the proximity and as
such needs to run at least one nominal target beacon trans-
mission time (TBTT) period per channel to provide a chance
to receive all beacons from all APs on the channel. Therefore,
in accordance with an aspect of the present invention, a pas-
stve channel scan for a given channel 1s divided 1nto a plural-
ity of time slices that are scheduled over a plurality of differ-
ent time periods, were each time period can be equal to or less
than a CTS time period. The other STA functions and the AP
function can be serviced in between the passive scan time
periods. Therefore, the scheduling time line 120 illustrates
repeatedly time division multiplexing between STA function
time slices, AP function time slices and channel scanning
time slices over a plurality of different time periods.

In the example of FIG. S, the channel scan time slices are
divided into four partial scan TBTT time periods for each
channel, labeled time period 1-4, to cover a full TBTT time
period. In this example, each partial TBTT time period can
have a duration of about 30 ms seconds or less, which 1s less
than or equal to a C'T'S time period of 30 ms. Therefore, aCTS
to selt just prior to a partial TBT'T time period can provide full
protection, since the CTS period 1s greater than or equal to the
partial TBTT time period. The passive channel scan for a
given channel periodically alternates between each of the four
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partial scan time periods to listen for an AP beacon on a given
channel until a passive channel scan had been performed for
cach of the partial TBTT time periods. The multirole device
time multiplexes between servicing the AP function and STA
function during active time periods 130 between each of the
partial scan TBT'T time periods, similarly to that illustrated in
FIGS. 3-4.

In the illustrated example of FIG. 5, a beacon 1s being
transmitted from an AP during a first partial TBTT time
period 122, while the STA function 1s performing a passive
channel scan during a second partial TBT'T time period 124.
Therefore, the passive channel scan will be performed at a
third partial TBTT time period 126 and a fourth partial TBT'T
time period 128, until the beacon 1s detected once the STA
function 1s performed at the first partial TBTT time period
122. The process then repeats for each channel until all of the
desired channels are scanned for APs.

In view of the foregoing structural and functional features
described above, certain methods will be better appreciated
with reference to FIG. 6. It 1s to be understood and appreci-
ated that the 1llustrated actions, 1n other embodiments, may
occur in different orders and/or concurrently with other
actions. Moreover, not all 1llustrated features may be required
to implement a method.

FI1G. 6 1llustrates an example of a method 150 for servicing,
functions by a multirole device. The methodology begins at
152 where a channel scan over a plurality of channels 1s
divided into a plurality of channel scan time periods by a
multirole device. At 154, the multirole device repeatedly time
division multiplexing a time period for the servicing of one of
a STA function and an AP function, a time period for the
servicing of the other of the STA function and the AP func-
tion, and a channel scan time period for each of the plurality
of channel scan time periods. At 156, a CTS to self message
to the AP function 1s transmitted prior to each channel scan
time period.

As discussed above with respectto FIG. 3, the channel scan
can be an active scan with each single channel being scanned
over a single channel scan time period. As discussed above
with respect to FIG. 4, the channel scan can be an active scan
with each channel scan time period covering a portion of a
single channel scan for each of the plurality of channel scan
time periods, and wherein each of the channel scan time
periods are less than or equal to a CTS time period. Alterna-
tively, as discussed above with respect to FI1G. 5, the channel
scan can be a passive scan with each channel scan time period
having a duration of a partial target beacon transmission time
(TBT'T) period, such that the multirole device scans a single
channel over each of a plurality partial TBTT time periods
that cover an entire TBT'T time period.
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What have been described above are examples of the inven-
tion. It 15, of course, not possible to describe every conceiv-
able combination of components or method for purposes of
describing the mvention, but one of ordinary skill 1n the art
will recognize that many further combinations and permuta-
tions of the invention are possible. Accordingly, the invention
1s intended to embrace all such alterations, modifications, and
variations that fall within the scope of this application, includ-
ing the appended claims.

What 1s claimed 1s:

1. A multirole device that can concurrently function as an
access point and a station 1n a wireless network, the multirole
device comprising;

a baseband controller that time division multiplexes
between servicing a station function, an access point
function and a channel scan, the baseband controller
dividing the channel scan into channel scan time slices
that divide a channel scan over a plurality of channels
into a plurality of channel scan time periods that are each
time division multiplexed with time periods for the ser-
vicing of the station function and the access point func-
tion; and

a transceiver for transmitting data recerved from the base-
band controller to other devices of the wireless network,
and for recerving and providing data to the baseband
controller from the other devices of the wireless net-
work,

wherein the channel scan 1s a passive scan, and each chan-
nel scan time slice has a duration of a partial target
beacon transmission time period, wherein the baseband
controller scanning a single channel over each of a plu-
rality of partial target beacon transmission time periods
that cover an entire target beacon transmission time
period, and the baseband controller transmits a clear to
send to self message to the access point function prior to
cach channel scan time period to provide protection of
the access point function from further communications
from the other devices of the wireless network for a clear
to send time period, each of the plurality of partial target
beacon transmission time periods 1s being less than or
equal to a clear to send time period.

2. The multirole device of claim 1, including:

an antenna coupled to the transceiver;

a controller coupled to the baseband controller;

a display coupled to the baseband controller;

at least one additional communication controller; and

a power supply for providing power to the multirole device.
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